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Abstract
· AIM:Toexploretheprotectiveeffectsofamino-
guanidine(AG)onretinalapoptosisinmicewithoxygen-
inducedretinopathy(OIR).
·METHODS:Atotalof80C57BL/6Jmice,aged7days,
wererandomlydividedintofourgroups:normal,high
oxygen,highoxygensalineandhighoxygentreatedwith
AG.Inthenormalgroup,micewerehousedinnormoxic
conditionsfrompostnataldayP7toP17.Miceinthe
other3groupswereplacedunderhyperoxicconditions
(75依2%O 2 )inanoxygen-regulatedchamberfor5days
andsubsequentlyplacedinnormoxicconditionsfor5
days.MiceintheAGgroupweretreatedoncedaily,from
P12toP17,withAGhemisulfate(100mg/kgbodyweight,
intraperitoneally)dissolvedinphysiologicalsaline.An
equivalentamountof0.9%physiologicalsalinewas
administered,asabove,tomiceinthehighoxygen
salinegroup.Tenmicewererandomlyselectedfrom
eachgrouponP14andonP17,euthanizedandthe
retinasexamined.Apoptoticcellsintheretinawere
detectedusingtheterminal-deoxynucleoitidyltransferase
mediated nick end labeling (TUNEL) method. The
expressionofnitricoxidesynthase (iNOS)intheretina
wasdetectedbyimmunohistochemistryandchangesin
rodcellswereobservedusingelectronmicroscopy.
·RESULTS:TUNEL-positivecellsandiNOSimmuno-
reactiveneuronswerepresentintheinnernuclearand
ganglioncellretinallayersofmiceinthehighoxygen
group. The number of TUNEL-positive cells was
significantlygreaterinthehighoxygengroupcompared
withthenormalgroup ( =-20.81, 14d <0.05; =-15.05,
17d <0.05).However,thenumberofTUNEL-positivecells
intheAGtreatmentgroupwassignificantlylower ( =
-13.21, 14d<0.05; =-6.61, 17d <0.05)comparedwiththe
high oxygen group. The expression of iNOS was
significantlyhigherinthehighoxygengroupcompared
withthenormalgroup( =-21.95, 14d<0.05; =-17.30,
17d<0.05).However,theexpressionofiNOSintheAG
treatmentgroupwassignificantlylower ( =-12.17, 14d<
0.05; =-10.30, 17d<0.05)comparedwiththehighoxygen
group.Theoutersegmentsoftherodsweredisorganized
andshortinthehighoxygengroup.Rodmorphology
appearedtobeslightlyimprovedintheAGgroup.
·CONCLUSION:AGmayprotectretinalneuronsinOIR
byinhibitingapoptosis.Themechanismmayberelated
toiNOS.
·KEYWORDS: aminoguanidine;retinopathyofprematurity;
apoptosis;inhibitorofnitricoxidesynthase
DOI:10.3980/j.issn.2222-3959.2013.04.05
DuAJ,RenB,GaoXW,YangL,FuY,ZhaoXD.Effectsof
aminoguanidineonretinalapoptosisinmicewithoxygen-induced
retinopathy. 2013;6(4):436-441
INTRODUCTION
R
etinopathyofprematurity(ROP)isaserious
complicationinprematureinfantsandisaleading
causeofblindnessinchildren.Improvementsinneonatal
carehaveledtoasignificantincreaseinthesurvivalratesof
prematureinfants,however,thishasalsoresultedinhigher
ratesofROP.TheincidenceofROPisincreasingin
countrieswithrapidlydevelopingeconomies,suchasChina
[1].
Inadditiontoneovascularization(NV),studiessuggestthat
retinalapoptosis mayplayamajorroleinROP
[2].
Aminoguanidine(AG)isahighlyselectiveinhibitorofnitric
oxidesynthase (iNOS)andhasbeenconfirmedtohave
preventiveeffectsonretinalneuronapoptosis
[3].
MATERIALSANDMETHODS
Materials PregnantfemaleC57BL/6Jmicewereprovided
bytheLaboratoryAnimalCenterofXinjiangMedical
University (Xinjiang,China).TheJEM-100CXII-electron
microscopewasalsoprovidedbyXinjiangMedical
University.AGhemisulfatewaspurchasedfromSigma
Aldrich(Wuhan,China)andthegasanalyzer(model
CY-12C)wasobtainedfromElectrochemicalAnalytical
Instruments,Inc.(Meicheng,China).Therabbitanti-human
iNOSpolyclonalantibodywaspurchasedfromSantaCruz
Biotechnology(Shanghai,China)andtheColorimetric
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terminal-deoxynucleoitidyltransferasemediatednickend
labeling (TUNEL)ApoptosisAssayKitwasobtainedfrom
BIOBOX,Inc.(Nanjing,China).
Methods Allexperimentswereconductedinaccordance
withtheAnimalCareandUseCommitteeandthe
AssociationforResearchinVisionandOphthalmology
StatementfortheUseofAnimalsinOphthalmicandVision
Research.Thismousemodelofoxygeninducedretinopathy
(OIR)wasfirstdescribedbySmith
[4].Atotalof80
C57BL/6Jmice,aged7daysandweighing3.5依0.5g,were
used.Themicewererandomlydividedintofourgroups,20
micepergroup (40eyes/group),asfollows:group1
(normal),group2(highoxygen),group3(highoxygen
saline),andgroup4(AGtreatment).Miceingroup1were
housedinnormoxicconditionsfromP7toP17.Intheother
3groups,micewereplacedinanoxygen-regulatedchamber,
underhyperoxicconditions(75 依2%O 2 ),for5daysand
subsequentlyplacedinnormoxicconditionsfor5days.In
theAGtreatmentgroup,miceweretreatedoncedaily,from
P12toP17,withAGhemisulfate(100mg/kgbodyweight,
intraperitoneally)dissolvedinphysiologicalsaline;an
equivalentamountof0.9% physiologicalsalinewas
administered, thesamemethod,tomiceinthehigh
oxygensalinegroup.Tenmicefromeachgroupwere
anesthetizedwith10%chloral hydrate(500mg/kg,
intraperitoneally)andeuthanizedonP14andanother10
micewerefromeachgroupwereeuthanized,asabove,on
P17.Aftereuthanization,botheyesofallmicewere
enucleated.Lefteyes( =10)werefixedfor24hin10%
paraformaldehydefixative.Thefixedeyeswerethen
dehydratedusingascendingconcentrationsofalcoholpriorto
beingembeddedinparaffinwax.Lefteyeswereserially
sectionedat4 滋 mandplacedonpoly-L-lysine-coatedslides
forstainingbyimmunohistochemistryandTUNEL.Right
eyes( =10)werefixedfor24hin4%glutaraldehyde
fixative.Theretinawasthenremovedunderamicroscope
andtheeyesfixedforanadditional2hin1%osmium
tetroxidefixativeforobservationbyelectronmicroscopy.
TUNEL Thesamplesweredeparaffinizedandrehydrated
accordingtokitspecifications.Avolumeof50滋Lof
TerminalDeoxynucleotidylTransferase(TdT)wasaddedto
eachsliceandsliceswerethenkeptatroomtemperaturefor
60min.Sectionsweresubsequentlywashed3 伊 5minutewith
0.01mmol/Lphosphatebufferedsolution(PBS).A100滋L
volumeofStreptavidin-HRPwasadded,thesectionswere
keptatroomtemperatureforanother30minandthenwashed
withPBSasabove.A100滋LvolumeofDABwasadded
andsectionswerekeptatroomtemperatureforanadditional
10min.AfterwashingwithPBSasabove,sectionswere
stainedwithMayer hematoxylinand dehydratedwith
alcohol.Usinglightmicroscopy(400 伊 magnification),5
discontinuoushighpowerfieldswereselectedfromeach
sectionandthenumberofpositivecells (thosewith
brownish-yellowgranulesdepositedinthecytoplasmor
nuclei)werecounted.
Immunohistochemistry Immunohistochemistrywasdone
accordingtokitspecifications.Thesectionswerestoredat
4℃ overnightafteraddingiNOSrabbitpolyclonalantibody
(1:100).Allsectionswerethenwashed3 伊 5minwithPBS.A
50滋Lvolumeofrabbitanti-goatbiotinylatedIgGwasadded
andsectionswerekeptatroomtemperaturefor30min.
SectionswereagainwashedwithPBS,asabove,50滋L
streptavidin-biotinperoxidasecomplexwasthenadded,and
sectionswerekeptatroomtemperatureforanother30min.A
100滋LvolumeofDABwasaddedandsectionswerekeptat
roomtemperatureforanadditional10min.Sectionswere
subsequently stainedwithMayer hematoxylin and
dehydratedwithalcohol.Usinglightmicroscopy(400X
magnification),5discontinuoushighpowerfieldsfromeach
sectionwere selectedand thenumber ofiNOS
immunoreactiveneurons (thosewithyellowor
brownish-yellowgranulesdepositedinthecytoplasmor
nuclei)werecounted.
ElectronMicroscopy Thesliceswerefixed,dehydrated
usinganethanolseries,infiltratedandembeddedinJB-4
medium.Sectionswerethencuttothicknessesof40-60nm
andstainedwithuranylacetatefor30min.Afteruranyl
acetatestaining,allsectionswerewashed3 伊 5minwithPBS,
stainedwithleadcitratefor30minandwashedwithPBSas
above.Changesintherodoutersegmentswereobserved
usingelectronmicroscopy.
StatisticalAnalysis SPSS17.0forwindowsstatistical
softwarewasusedinthisstudy.Alldataareexpressedas
mean± SD.One-wayanalysisofvariance(ANOVA)andthe
LSD-testwereemployedtocomparedifferencesbetween
groups,inthenumberofTUNEL-positivecellsandiNOS
immunoreactiveneurons.A valve<0.05wasconsidered
statisticallysignificant.
RESULTS
Terminal-deoxynucleoitidylTransferaseMediatedNick
EndLabeling NoTUNEL-positivecellswerefoundinthe
normalmicegroup.AlargenumberofTUNEL-positivecells
wasobservedinboththehighoxygenandhighoxygen
salinegroups.TUNEL-positivecellsinthehighoxygen
groupweremainlylocatedintheinnernuclearlayer.
TUNEL-positivecellswerealsopresentintheganglioncell
layerinthisgroup,thoughtheywerefewerinnumberthan
intheinnernuclearlayer.Thereweresignificantlymore
TUNEL-positivecellsinthehighoxygengrouponP14
comparedtoP17.ThenumberofTUNEL-positivecellsin
theAGtreatmentgroupwassignificantlylowercomparedto
thenumberinthehighoxygengroup ( <0.05).However,
therewasnodifferenceinTUNEL-positivecellswhen
comparingthehighoxygenandhighoxygensalinegroupsto
eachother( >0.05)(Table1,Figure1).
437Immunohistochemistry TheiNOSimmunoreactiveneurons
weremainlylocatedintheinnernuclearlayerandthe
ganglioncelllayerofmiceinthehighoxygengroup.There
weresignificantlymoreiNOSimmunoreactiveneurons
presentonP14thanonP17.TherewerenoiNOSpositive
cellsinthenormalgroup.iNOSexpressionwassignificantly
higherinthehighoxygengroupasindicatedbythe
significantlyhigherthepresenceofyellowish-brown
granules,withdeepcolor,inthecytoplasmcomparedtothe
normalgroup.TheexpressionofiNOSintheAGtreated
groupwassignificantlylowerthaninboththehighoxygen
andhighoxygensalinegroups(<0.05)asindicatedbythe
reducedpresenceofyellowishbrowngranulesoflighter
color,inthecytoplasm.However,therewasnosignificant
differenceiniNOSexpressionwhencomparingthehigh
oxygenandthehighoxygensalinegroups( >0.05)(Table2,
Figure2).
ElectronMicroscopy Inthenormalgroup,therodouter
segmentwasarrangedinneatrowsandthestructurewas
clear.However,inthehighoxygengroup,therodouter
segmentwasdisorganizedandwassignificantlyshorter.The
outerrodsegmentmorphologywasslightlylessdisorganized
andlongerintheAGtreatmentgroupcomparedwiththe
highoxygengroup(Figure3).
DISCUSSION
InthecurrentstudyweinvestigatedthepotentialforAGto
preventapoptosisofretinalneuronsbyobservingtheeffect
ofAGontheexpressionofiNOSinretinalnervecellsof
micewithOIR.Changesinrodcellswerealsoexamined
usingelectronmicroscopy.
ROPcanleadtoretinaldetachmentandblindnessin
prematureinfantsandisasignificantclinicalproblem.In
additiontophysicalproblems,ROPalsoplacessocialand
financialburdensoncommunities.Untilrecently,inhibiting
thegrowthofneovascularizationwasthemaintreatmentfor
ROP.However,despiteeffectivetreatmentofvascular
injury, manychildren stillsuffervisualimpairment,
suggestingthattheremaybeaneuronaldisruptioninROP
[5].
Figure1TUNELstainingoftheretinaltissueofmiceonday14 A:Normalgroup;B:Highoxygengroup;C:Highoxygensaline
group;D:AGtreatmentgroup( 伊 400).TherewasalargenumberofTUNEL-positivecellsinthehighoxygengroup.Thenumberof
TUNEL-positivecellsintheAGtreatmentgroupwassignificantlylowercomparedtothehighoxygengroup( <0.05).
Table 1  The number of TUNEL-positive cells among the retinal 
nerve cells of mice with OIR                   ( s x– , n=10) 
TUNEL staining 
Groups 
14 days  17 days 
Normal group  0.0000±0.0000  0.0000±0.0000 
High oxygen group  29.4000±4.2560
a
  7.7333±1.5796
a
 
High oxygen saline group  28.6667±4.3861  8.1333±1.3020 
AG treatment group  10.7333±1.6242
c
  4.3333±1.0465
c
 
F  309.065  161.656 
aP<0.05 vs normal group; 
cP < 0.05 vs high oxygen group (ANOVA, 
LSD-test). 
 
Table 2  Effects of AG on expression of iNOS in retinal nerve 
cells of mice with OIR                        ( s x– , n=10) 
Expression of the iNOS 
Groups 
14 days  17 days 
Normal group  0.0000±0.0000  0.0000±0.0000 
High oxygen group  22.7333±3.1952
a  12.2000±1.9712
a 
High oxygen saline group  23.2667±2.7894  12.0000±2.2360 
AG treatment group  10.1333±1.5976
c  4.9333±1.0328
c 
F  363.230  210.985 
aP<0.05 vs Normal group; 
cP<0.05 vs High oxygen group (ANOVA, 
LSD- test). 
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Figure2ExpressionofiNOSonday14 A:Normalgroup;B:Highoxygengroup;C:Highoxygensalinegroup;D:AGtreatmentgroup
(伊400).TherewerenoiNOSpositivecellsinthenormalgroup.TherewassignificantlyincreasediNOSexpressioninthehighoxygen
group.TheexpressionofiNOSintheAGtreatmentgroupwassignificantlylowerthaninthehighoxygengroup.
Figure3Thechangesintherodoutersegmentasseenwithelectronmicroscopyonday17 A:Normalgroup;B:Highoxygen
group;C:Highoxygensalinegroup;D:AGtreatmentgroup (5滋mScalebars).Comparedtothenormalgroup,therodoutersegmentwas
disorganizedandwassignificantlyshorterinlengthinthehighoxygengroup.Theouterrodsegmentmorphologywasslightlyless
disorganizedandlongerintheAGtreatmentgroupcomparedtothehighoxygengroup.
Inthisstudy,miceinthehighoxygengrouphadrodouter
segmentsthatweredisorganizedandsignificantlyshorter.
ThisobservationisconsistentwithdatafromFulton
[6]
indicatingthatsubtlealterationsintherodoutersegment
maydamagethemechanismscontrollingtheassemblyofthe
outersegmentdiscmembranesthusslowingthekineticsof
the molecular processesintheactivationof
photo-transduction.IthasbeenshownthatROPisa
neurovasculardiseaseandthattheageofonsetofROP
coincideswiththatofphotoreceptordevelopment
[7].ROPhas
beenfound,notonlytoalterthestructureandfunctionof
photoreceptors,butalsotoleadtodeficitsinrodsensitivity
[8-10].
Furthermore, evenwhen conspicuous neurovascular
abnormalitiesdisappear,subtlestructuralanomaliesand
439functionaldeficitsmaypersistforyearsafterclinicalROP
resolves
[9,11].Inratmodels,roddysfunctionprecedesROP
andpredictssubsequent ROP vascularstatus.Early
pharmaceuticalinterventionsthattargetfundamentalrod
functionhavebeenfoundtoimprovevascularoutcomes
[12].
Pathologicalneovascularization,retinaldegenerationand
glialactivationhavebeendemonstratedtobethemain
mechanismsinvolvedinROP
[13] andapoptosishasbeen
reportedtobethemajorfactorinretinaldegeneration
[2].In
addition,Sennlaub
[2] demonstratedthatapoptoticcells
weremainlylocatedintheinnernuclearlayerandreported
thatthemajormechanismmayberelatedtotheexpression
ofiNOS.Adecreaseinthenumberofbipolarcellshasbeen
reportedintheratmodelofOIR
[14].PreviousERGstudies
havefoundthattheamplitudeandsensitivityofa-waves
weredecreased,suggestingphotoreceptordysfunction,and
reportedreductionsinb-waveamplitudesaswell,indicating
thatretinalinterneuronsareaffected
[15].Intheratmodelof
OIR,Narayanan
[16] showedthattheamplitudesof
a-wavesandb-wavesweresignificantlyhigherandthat
bipolarfunctionwasmarkedlyimpairedwhenapoptosiswas
inhibited.Theseobservationsareconsistentwithdatafrom
Sennlaub
[2] showingthatapoptosismaybeoneofthe
mechanismsofROP.
ApoptosisinROPmayberelatedtothetoxiceffectsofnitric
oxide(NO).AsmallamountofNOcancausevascular
dilationandprotecttheretina.However,excessivequantities
ofNOcanreactwithsuperoxidetoproduceperoxynitrite
whichcanthenundergofurtherdecomposition,producing
oxygenfreeradicalssuchasOHˉ andOH窑.Thesefree
radicalsattackotherbiomolecules,suchasproteinandDNA,
triggeringapoptosis
[17].NOcanaffectandregulateapoptosis
bystimulatingtheproductionofcGMP guanylatecyclase
activationinsmoothmusclecells,thusstimulatingthe
releaseofglutamate
[18].TherearethreeisoformsofNOSin
humanbody,neuronalNOS(nNOS),endothelialNOS
(eNOS)andinducibleNOS (iNOS).nNOSandeNOSare
constitutiveisoforms(cNOS).cNOSisthekeyenzymethat
producesNOunderphysiologicalconditions,however,iNOS
isthekeyenzymethatproducesNOunderpathological
conditions.TheexpressionofiNOSisincreasedinthelate
stageofretinalischemiaandiNOSreleasesexcessive
quantitiesofNOleadingtoseriousdamageoftheretinal
tissue
[19].AGisanon-toxic,smallmoleculethatisahighly
selectiveinhibitorofiNOS.Ithasbeenwidelyusedin
studiesofNO
[20].ComparedwithotherinhibitorsofNOS,
AGhaslittleeffectoncNOS,sotheNOproducedbycNOS
isprotected.ThemechanismforapoptosisinROPis
complexandremainsunknown.TheexpressionofBax,
caspase,P53andHIF-1areraisedinOIRandmayalsoplay
importantrolesintheapoptoticprocess
[16,21,22].
Thisstudyshowedthatthestructureofrodoutersegments
wasslightlybetterintheAGgroupcomparedwiththehigh
oxygengroup.Cellapoptosiswasalsosignificantlylower
andtheexpressionofiNOSwassignificantlyweakerinAG
group.ItispossiblethatAGprotectsretinalnervecellsby
inhibitingtheexpressionofiNOS,therebyreducing
apoptosis.Additionally,ithasbeenreportedthatAGmay
inhibitthegrowthofretinalneovascularizationinthemouse
modelofOIRthroughadecreaseintheexpressionofVEGF,
COX-2orHIF-1
[23-25].AGhasbeenreportedtohavelow
toxicityandtobewell-toleratedbyanimals.However,side
effectshavebeenencounteredinhumanpatientstreatedwith
AGduringclinicaltrials.Thus,furtherstudiesarenecessary
toexploremethodsforreducingtheriskofsideeffectsin
patients.ResearchonAGisinthebeginningstagesand
additionalandmoredetailedexperimentalstudiesareneeded
to determinetheappropriatedosageofandtimeof
administrationforAG.
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